The spectral dependence of photoinduced optical losses after x ͑2͒ writing have been obtained in Sm-and Er-doped fibers. The results show that Sm 21 and Er 21 can be a source of photoelectrons during fiber preparation.
Since the observation of efficient second-harmonic generation in germanosilicate fibers by Osterberg and Margulis almost 10 years ago 1 many papers treating the subject have been published. 2, 3 However, we have not seen a complete picture of the origin of secondorder susceptibility x ͑2͒ in glass fibers, although numerous investigations have allowed some important conclusions to be drawn.
First, it was established that photoinduced secondorder nonlinearity is connected with some defect centers in glass. Then it was proved experimentally that phase matching between fundamental and secondharmonic light is achieved through a self-written grating of x ͑2͒ . According to the coherent photogalvanic model, 4 -6 which at present best explains the experimental results, 3 the writing of the grating along a fiber length takes place through photoionization of defect centers by multiphoton absorption processes. Interference of these processes is a reason for polar asymmetry of the photoelectron emission, resulting in oscillating coherent photocurrent. The capture of charge carriers by traps at a boundary of the illuminated spot results in the appearance of a strong spatially periodic electrostatic field E and therefore of a grating of x ͑2͒ / Ex ͑3͒ . However, the exact nature of defect centers and the microscopic processes of their photoionization have not been identified.
From this point of view investigations of photoinduced second-order nonlinearity in rare-earth-doped optical fibers are of great interest. Rare-earth (RE) dopants are known to occur in more than one valence and can change the valence under laser irradiation. 7, 8 The level structure of RE ions is well known, and their absorption and fluorescence spectra have been studied in detail because of the wide application of REdoped materials as an active medium of lasers and amplifiers. That is why a number of papers devoted to photoinduced second-harmonic generation in Ce-, Eu-, Tm-, Er-, Sm-, and Tb-doped fibers were published recently. 9 -13 In our previous research 12 we investigated secondharmonic generation in Er-, Sm-, and Tb-doped aluminosilicate fibers. In particular, we found a higher resistance of x ͑2͒ gratings in these fibers to erasure by intense second-harmonic radiation than in RE-free germanosilicate fiber. In addition, third-harmonic UV radiation has been observed in all fibers from the beginning of the preparation.
The goal of the present investigation is the search for spectral signals in centers participating in the process of x ͑2͒ grating formation and establishment of their nature in Er-and Sm-doped fibers. For this purpose the absorption spectra of these fibers before and after the x ͑2͒ writing were measured. The photoinduced absorption spectra of the fibers were obtained by comparison of the transmission spectra taken before and after laser irradiation. The fibers had aluminosilicate (7Al 2 O 3 93SiO 2 ) core concentrations of Er and Sm of 90 and 500 parts in 10 6 , respectively. For fiber preparation we used infrared (1.06-mm) and green (0.532-mm) pulses from a mode-locked Q-switched Nd : YAG laser (Coherent, Antares). The average power of the infrared radiation in the fibers was 30-50 mW, and the conversion efficiency was ϳ10 23 . Figure 1 shows the initial absorption spectra of Sm-and Er-doped fibers. The trivalent RE ions have narrow absorption bands in the visible region, corresponding to forbidden transitions between levels of the 4f K configuration. 14 One may suppose that the formation of divalent RE ions during the glass synthesis was facilitated by the presence of Al in the fibers. 15 Divalent RE ions have broad absorption bands in the visible part of the spectrum. 16 It is quite possible that the observed change of absorption of a broad band with the maximum at 400 nm [see Fig. 2(b) ] indicates a decrease of Er 21 concentration. Sm 21 in aluminosilicate glasses is known to have an absorption band with the maximum near 300 nm. 15 That is why only the long-wavelength edge of this band can be identified in Fig. 2(a) . Unfortunately, the overlap of several possible absorption bands in the visible region makes the exact analysis of the spectra complicated.
Our conclusion concerning the presence of Er 21 in the optical fibers is rather unexpected. There is a firm opinion in the literature (see, for example, Ref. 17) that no valences of Er other than the trivalent one are known in glasses. But, if this is so, this result may have some ramifications for Er 31 -doped optical fiber amplifiers.
The results obtained allow us to make the conclusion that Sm 21 and Er 21 can be a source of photoelectrons during fiber preparation; photoionization takes place in the presence of fundamental, second-harmonic, and third-harmonic radiation. The last-named effect is generated in the fibers from the beginning of fiber preparation. 12 The free electrons are captured by Al centers, and this results in the formation of a stable electron E 0 (Al) center, with an absorption band with its maximum near 300 nm. 18 The observation of high resistance of the x ͑2͒ grating to erasure by intense second-harmonic radiation in RE-doped aluminosilicate fibers compared with RE-free germanosilicate fibers can be an indirect confirmation of this scheme.
In conclusion, our results show the possibility of existence of Sm 21 and Er 21 in aluminosilicate glass fibers, which can serve as photovoltaic centers for x ͑2͒ grating formation.
